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The hydrogen-bonding properties of imidazole and its derivatives
are of considerable importance in biochemistry. Of special interest
is the ability of imidazole to form strong, easily polarizable hy-
drogen bonds as this may play an important role in a number of
biochemical functions including proton conductivity in membranes!
and protein oxygen binding.? An apparently simple example of
a strong, easily polarizable hydrogen bond to imidazole has recently
been reported to occur in the imidazole-trimethyl phosphate
system.3¥ Infrared and multinuclear NMR spectroscopy revealed
the presence of the hydrogen bond and several other features of
interest in the system but gave little information on the structure

Table I. Positive Jon FAB MS of the Complex in Glycerol®

rel rel
m/z intensity assignment® m/z  intensity assignment?
69 100 I+ H)* 195  17.60  (IP + H)*
109 1.01 (P - OH)* 263 2.40 (IP+ 1+ H)*
127 6.24 (P + H)* 321 2.43 (IP+ P+ H)
137 3.21 (I, + H)* 390 0.55 (IP + H,)*

“The sample was inserted on a stainless steel probe tip into the mass
spectrometer (a kratos MS-30 with a DS-55 data system) and sput-
tered into the gas phase as ions by bombardment with 6 keV neutral
xenon atoms. °I = imidazole; P = (Me0O),PO,H; IP = complex.

of the complex formed. We now wish to report the first use of
fast-atom-bombardment mass spectrometry (FAB MS) as a means
of characterizing a complex containing a strong hydrogen bond.
The structure of the complex has been independently confirmed
by conventional X-ray crystallography.

Ordinary electron-impact mass spectrometry (EI MS) of the
crystals isolated from an equimolar mixture of imidazole and
trimethyl phosphate gave the highest mass peak at m/z 126
followed by peaks characteristic of the fragmentation of imidazole
and the phosphate. Such an experiment requires thermal vola-
tilization of the complex and subjects it to bombardment with
electrons, the combination of which effectively precludes the use
of EI MS for the analysis of hydrogen bonding. In an attempt
to overcome this problem we have used FAB MS, which as a soft
ionization technique that does not require sample heating may
allow the direct observation of hydrogen-bonded species.

The FAB MS of the crystalline complex dissolved in glycerol
shows the three most intense peaks occurring at m /z 69, 127, and
195. Significant higher mass peaks at m1/z 263, 321, and 390 were
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Figure 1. Diagram of the packing and chain-type structure of the im-
idazole-(MeO),PO,H complex. The positions of the hydrogen atoms
have been geometrically calculated.

also observed in a remarkably clear spectrum. It is interesting
to note that the complex is obviously strong enough to survive the
hydrogen-bonding competition provided by the hydroxylic solvent
and that it does not significantly dissociate in solution as this would
be expected to produce intense fragments containing glycerol. We
believe that the observed spectrum is only consistent with a
polymeric complex of imidazole with (MeO),PO,H (Table I).

In order to disprove the possibility that the observed imidaz-
ole—phosphate species were produced by reactions between frag-
ment species in the desorption—ionization process, systems con-
taining imidazole and weaker hydrogen-bond electron donors were
investigated. The FAB MS of imidazole-Ph,0, imidazole-Ph,CO,
and imidazole-dioxane systems in glycerol gave spectra very
similar to that of imidazole itself with no evidence of any peaks
due to the hydrogen-bonded complexes. The more powerful hy-
drogen-bond electron donor Ph,SO does, however, appear to form
strong hydrogen bonds to imidazole. The FAB MS of this system
in glycerol shows a peak at m/z 271, which can be assigned to
a protonated imidazole-Ph,SO hydrogen-bonded complex ion.
The relative intensity of this peak is approximately one-half of
the intensity of the corresponding (imidazole-phosphate + H*)
ion peak.

The observed crystal structure of the imidazole-phosphate
complex is in excellent agreement with the structure deduced from
the FAB MS data and is shown in Figure 1. The complex
contains infinite chains of imidazole-(MeQ),PO,H units. The
two N-O distances are 2.68 (1) and 2.67 (A, ie., equal within
experimental error, and the bond angles are 171.0 (4)° and 176.5
(4)°, which are consistent with the presence of strong NHO
hydrogen bonds.

The successful application of FAB MS to the analysis of a
hydrogen-bonded complex suggests that this technique may well
become a routine analytical method for the study of strong hy-
drogen bonding.* The information obtained is complementary
to that obtained from other “fast” analytical technqiues such as
infrared and NMR spectroscopy. While FAB MS cannot provide
the same detailed information as X-ray crystallography, it is a
much simpler technique and it can be used to study liquids or
solutions thus removing the need for a crystalline sample.
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